Traumatic spinal cord injury (SCI) can result in motor, sensory and autonomic dysfunction, all of which can be devastating for the individual, both socially and economically. Further, many individuals with SCI require extensive medical attention due to the complexities and secondary conditions associated with this injury. Therefore, effective healthcare policies to promote efficient practices are of upmost importance to ease the burden on the healthcare system, while at the same time maintaining high standards of care.
Traumatic spinal cord injury (SCI) can result in motor, sensory and autonomic dysfunction, all of which can be devastating for the individual, both socially and economically. Further, many individuals with SCI require extensive medical attention due to the complexities and secondary conditions associated with this injury. Therefore, effective healthcare policies to promote efficient practices are of upmost importance to ease the burden on the healthcare system, while at the same time maintaining high standards of care.
A deeper understanding of the epidemiology of SCI is required in order to gain a better appreciation of the potential impact of healthcare management strategies and health policies to prevent and minimize the consequences of SCI. In the past decade, at least five studies have reviewed the incidence and prevalence of SCI across the world [1] [2] [3] [4] [5] . In 2004, Ackery et al. reviewed the SCI literature in PubMed from 1992 to 2003, and reported an incidence of SCI between 11.5 and 57.8 cases per million people yearly based on six papers 2 . Their results suggested that countries with similar economic profile had alike incidence rates 2 . In 2006, Wyndaele and Wyndaele published a review on the incidence and prevalence of SCI based on two papers with prevalence data and 17 papers with incidence data that were captured in their search of the PubMed database. The authors reported that the incidence of SCI varied from 10.4 to 83 cases per million people, but there was an insufficient amount ofthe prevalence and incidence estimates reported in each of the review papers. However, those differences can also be related to the variable number of included publications in those reviews, which is likely due to the fact that different databases or combination of databases were searched for relevant literature. The inclusion of a limited number of studies can also lead to selection bias which can result in worldwide variations of incidence and prevalence of SCI.
Given the paucity of comprehensive reviews on measures of frequency of traumatic SCI in populations, the purpose of this study is to comprehensively and systematically review the literature with respect to: (1) the estimations of incidence, ageadjusted incidence, and prevalence of traumatic SCI in different countries worldwide; and (2) the trends of the incidence and prevalence of traumatic SCI over time.
MATERIALS AND METHODS
Measuring the frequency of disease and/or clinical conditions in populations requires specification of diagnostic criteria or case definition. For the purpose of this review, articles were included if the SCI was a lesion of traumatic nature within the spinal cord resulting in the disruption of nerve fiber bundles that convey ascending sensory and descending motor information 6, 7 .
Inclusion and exclusion criteria
This review included only original articles that estimated either incidence and/or prevalence of traumatic SCI among adults, where:
• Incidence is the proportion of a group initially free of the condition that develops it over a given period of time. In this review, incidence is standardized as the number of new cases of traumatic SCI per million inhabitants a year; and • Prevalence is the proportion of a group of individuals having a clinical condition at a given point in time. In this review, prevalence is expressed as the number of cases of traumatic SCI per million population in a given time point.
Case reports, editorial articles and meeting abstracts were excluded.
Literature search strategy
In the primary literature search strategy, the MEDLINE, EMBASE, CINAHL, PSYCHInfo, and Cochrane databases were reviewed. A secondary search was done by reviewing the reference lists of the articles that were captured in the primary search.
Reference (N)
Geographic Area Inclusion and exclusion criteria Incidence rates by year (11) The literature search included publications from 1950 (MEDLINE) or 1980 (the other databases) to December 1, 2012. The search strategy included the following specific words: "incidence", "prevalence", "epidemiology" and "etiology". Those specific key words were paired with the following Medical Subject Headings (MeSHs): "spinal cord injury", "tetraplegia", "quadriplegia" and "paraplegia". The literature search was limited to peer-reviewed publications written in English only.
Selection Process and Data Extraction
All titles and abstracts resulting from the literature searches were reviewed. The reference of any publication that referred to SCI, epidemiology, incidence, and/or prevalence in the title or abstract was imported into Refworks 8 . The lead author then reviewed all the references and selected papers of interest as per the inclusion and exclusion criteria. The papers of interest were then reviewed to ultimately determine their inclusion eligibility. Subsequent to finalizing the list of papers for review, trained research assistants from the Spinal Cord Injury Rehabilitation Evidence (SCIRE) reviews extracted relevant data from each paper 9 .
Age-adjusted incidence of traumatic spinal cord injury
Given the potential effects of differences in age distribution among the countries, we estimated the age-adjusted incidences of traumatic SCI for every study that provided data on age distribution as per the census standards. The age distribution for each country at a particular year was obtained from the U.S. Census Bureau International Data Base 10 .
RESULTS
The primary search yielded 1,871 article titles of which 111 were selected for a full article review. The secondary search captured 15 additional articles. Of those 126 studies, 64 articles fulfilled the inclusion and exclusion criteria for incidence studies (Tables 1 to 4 ) and 13 articles were selected as adequate prevalence studies (Table 5) .
Incidence of traumatic SCI by continent
In the Americas, the incidence rate of traumatic SCI varied from 20.7 to 83.0 people per million inhabitants a year in the most recent studies ( Table 1 ). All of the studies are based on Canadian (n=8) or American data (n=14) . In Europe, the estimated incidence rate varied from 8 (Table 2) 33-56 . In Asia and the Middle East, the incidence rate of traumatic SCI was reported between 14.6 in Taipei, Taiwan, and 246.0 people per million inhabitants a year in all of Taiwan [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] . There were five Taiwanese studies, three Japanese studies, two Chinese studies, and one study from each of Russia, Jordan, and Iran (Table 3) .
In Oceania, the estimated incidence rate varied from 10.0 to 77.0 individuals with traumatic SCI per million inhabitants a year, from Fiji and New Zealand respectively [70] [71] [72] [73] [74] [75] . There were three Australian studies, two articles from New Zealand, and one from Fiji (Table 4) .
Of note, our search did not capture any study focused on incidence or prevalence in an African country.
The age-adjusted incidences were estimated based on data from seven population-based studies 19, 24, 34, 45, 55, 63, 65, 71 . There were considerable differences among the studies from distinct countries with regard to their age-adjusted incidences (Figure) .
Time-related trends of incidence of traumatic SCI
Of the 60 articles on incidence of traumatic SCI, 14 studies provided estimated incidence rates in at least two different periods of time. While most of those studies suggest increasing incidence rates of traumatic SCI over the last decades, four articles reported decreasing incidence rates in regions within Canada, Taiwan and Australia.
Pickett et al found that the incidence rate of traumatic SCI in London (Ontario, Canada) increased from 21 
Prevalence of traumatic SCI by country
In our systematic review, 13 studies focused on prevalence of traumatic SCI documented rates from 50 to 1,298 cases per million population worldwide (Table 5) 17,28,31,36,47,58,70,76-81 . In the Americas, reports from the United States estimate the prevalence rates to vary from 50 to 906 individuals with traumatic SCI per million population 28, 31, 76, 77 , and one study from Canada estimates the prevalence to be 1,298 per million population 17 . In Sweden, Finland, Norway, and Iceland, the prevalence rates of traumatic SCI were estimated to be 227, 280, 351 to 419, and 526 individuals per million population, respectively 78, 79 . Based on data from Nepal and India, two Asian studies reported prevalence rates of traumatic SCI as 849.8 cases per million population in Nepal, and 236 cases per million population in India 80, 81 . In Iran, a prevalence rate of 440 per million population was estimated 58 . Finally, in Australia, O'Connor et al. recently documented a prevalence rate of 681 individuals with traumatic SCI per million population 70 .
Time-related trends of prevalence of traumatic SCI
In addition to regional differences with regard to the prevalence rates of traumatic SCI across the globe, there has been a trend towards increasing prevalence rates over the last decades according to three different studies. Griffin et al reported an increase in the prevalence rate of traumatic SCI in Olmsted County (Minnesota, USA) from 197 to 473 cases per million population between the 50s and 80s 76 . Likewise, Lakhey et al found an increase in the prevalence rates from 92.5 to 849.8 individuals with traumatic SCI per million population in Dharan (Nepal) between 1997 and 2001 80 .
DISCUSSION
The results of this systematic review indicate that the global incidence of traumatic SCI varies from 9.2 to 246.0 cases per million inhabitants a year. The estimated incidence varied considerably according to the geographic region as follows: (i) the Americas: 20.7 to 83.0 per million inhabitants a year; (ii) Europe: 8.0 to 130.6; (iii) Asia and the Middle East: 14.6 to 246; and (iv) Oceania: 10.0 to 77.0. There were considerable differences among the studies from distinct countries regarding their age-adjusted incidences. The global prevalence varied from 236 to 1,298 per million inhabitants. In addition to regional differences with regard to the prevalence rates of traumatic SCI across the globe, there has been a trend towards increasing prevalence rates over the last three decades. There was no publication on the incidence or prevalence of SCI in Africa.
Incidence of traumatic SCI by continent and by time period
In this review, the European and Asian continents showed a greater range of incidence rates than Oceania and the Americas, which are essentially represented by Australia, Canada and the United States. One may speculate that diversity of societies, economies, healthcare systems and public health policies in Europe and Asia amplifies differences regarding health status including traumatic SCI. In addition to this contextualization, there are potential methodological issues and limitations with regard to data collection and its quality assessment. For instance, underestimation of the numerator is a major methodological issue in studies focusing on incidence of any disease or clinical condition, including SCI. Therefore, due to the paucity of validation studies of SCI registries and databases, caution must be taken when comparing the results of any study reporting on the incidence of SCI.
Our review also indicates that the incidence rates of traumatic SCI increased in Canada, the United States, Finland, Fiji, Norway, and Iceland, whereas those incidence rates reduced in Taiwan, and New South Wales. Again, methodological considerations should be taken prior to interpreting these discrepancies. Further studies are required to confirm such trends and, more importantly, to determine the reasons for such differences which may be applied to improve the health status in other countries.
Finally, given that the age-adjusted incidence rates were found to broadly vary among countries, differences in age distribution cannot explain the discrepancies of the reported incidence rates of traumatic SCI. Although Chiu et al observed differences in reported incidence rates between developed and developing countries, with developed countries generally having higher rates, more research is needed on why such differences exist. In addition, international standards and guidelines should be developed and used in the reporting of SCI 3 .
Prevalence of traumatic SCI by country and by time period
Based on the findings of the studies included in this review, it can be concluded that the prevalence of SCI varies depending upon the geographic region, both among different countries and even within individual countries. Again, underestimation of the numerator and methodological differences are likely to have influenced the prevalence rates reported in the studies. Nonetheless, of the studies that provided time-related prevalence trends, it was observed that the prevalence of SCI is rising. Improvements in technology, means that more supportive health care, and our knowledge of SCI in general have contributed to an increased survival of persons with traumatic SCI 82, 83 . Therefore, a rise in prevalence rates due to longer life spans of individuals with a SCI is not surprising. Prevalence rates could also be amplified by a real increase in the incidence rate of traumatic SCI as determined in several studies.
Potential sources of the differences in the incidence and prevalence among studies
It is still uncertain the real reasons for the differences in the incidence and prevalence of traumatic SCI among those studies. Nonetheless, when comparing the results of those studies, it should be noted that the discrepancies among countries can be actual differences in the incidence and prevalence of traumatic SCI among the countries or, at least in part, the differences can be attributed to methodological shortcomings. The former includes incomplete identification of the incident and prevalent cases, unreliable boundaries of the study population, lack of adjustments for potential confounding effects such as age and sex distribution, inadequate quality control of the data collection, lack of validation of database or registry and other flaws. For instance, a recent study of the National Trauma Registry reported concerns on the data collection for that Canadian SCI database due to miscoding and limitations when using International Classification of Diseases coding 84 . Regardless of the potential methodological discrepancies, there are several other reasons that can explain differences in the incidence and prevalence of traumatic SCI among countries. Using the same methodology, Sabre et al reported significant greater standardized incidence rate of traumatic SCI in two Norwegian counties when compared with Estonia 85 . The authors concluded that those discrepancies are attributable to different socioeconomic conditions, injury preventive programs, geographical characteristics, extent of physical activity in all age-groups, and life expectancy 85 . While Sabre et al. offer reasonable explanations for discrepancies between the two countries, even socioeconomic differences require in-depth analysis as a potential source of differences in the incidence and prevalence rates of disease. For instance, van Beeck et al reported that prosperity was protective against deaths related to motor vehicles accidents among industrialized countries only in the mid-1970s 86 . At low prosperity, growing wealth favors increasing number of motor vehicles in the population. At a greater prosperity level, mortality rates of motor vehicles accidents tend to level off presumably as a result of several adaptations including improvement of traffic infrastructure and medical care for injury victims 86 .
CONCLUSIONS
The results of this systematic review suggest a relatively broad variation of incidence and prevalence rates of traumatic SCI among distinctive geographic regions. There are also discrepancies among the studies regarding the trends on incidence of SCI. For example, many studies indicated an increasing incidence of traumatic SCI, however, a few reports demonstrated no change, and in some instances a reduction in incidence rates of SCI. While such discrepancies can be partially attributed to methodological differences, and in some cases limitations, they can also be attributed to country-related differences such as social-economic-cultural factors, public health policies, and healthcare systems. Despite consistent findings that prevalence rates are on the rise, such findings must also be interpreted with caution given the methodological and country-related differences, in addition to the fact that only two studies reported time-related prevalence trends. Finally, this comprehensive review of the literature emphasizes the need for further studies on incidence and prevalence of traumatic SCI, and for international standards and guidelines for reporting on SCI. By comprehensively understanding the reasons for the discrepancies in the incidence and prevalence rates among the geographic regions, more appropriate strategies could be developed favoring a reduction in the global burden of this clinical condition.
